

* 



=> s E4;D 
L2 



1 "SIALIC ACID PHOSPHATE SYNTHASE (DROSOPHILA MELANOGASTER STRAIN 
OREGON -R) "/CN 



L2 ANSWER 1 OF 1 REGISTRY COPYRIGHT 2 003 ACS 
RN 433280-04-7 REGISTRY 

CN Synthase, N-acylneuraminate 9-phosphate (Drosophila melanogaster strain 

Oregon-R) (9CI) (CA INDEX NAME) 
OTHER NAMES: 

CN GenBank AF39753 1-derived protein GI 15213695 
CN NeuSAc synthase (Drosophila melanogaster strain Oregon-R) 
CN sialic acid phosphate synthase (Drosophila melanogaster strain 
Oregon-R) 

CN sialic acid synthase (Drosophila melanogaster strain Oregon-R) 
FS PROTEIN SEQUENCE 
MF Unspecified 
CI MAN 
SR CA 

LC STN Files: CA, CAPLUS 

** RELATED SEQUENCES AVAILABLE WITH SEQLINK** 

*** STRUCTURE DIAGRAM IS NOT AVAILABLE *** 

*** USE ' SQD ' OR ' SQIDE ' FORMATS TO DISPLAY SEQUENCE *** 

1 REFERENCES IN FILE CA (1957 TO DATE) 

1 REFERENCES IN FILE CAPLUS (1957 TO DATE) 



=> S E5;D 

L3 1 "SIALIC ACID SYNTHASE " /CN 



L3 ANSWER 1 OF 1 REGISTRY COPYRIGHT 2 003 ACS 

RN 37290-66-7 REGISTRY 

CN Synthase, N-acetylneuraminate (9CI) (CA INDEX NAME) 

OTHER NAMES: 

CN E.C. 4.1.3.19 

CN N-Acetylneuraminate synthase 

CN N-Acetylneuraminate- condensing enzyme 

CN Sialate synthase 

CN Sialic acid synthase 

MF Unspecified 

CI MAN 

LC STN Files: BIOSIS, BIOTECHNO, CA, CAPLUS, CASREACT, EMBASE, TOXCENTER, 
USPATFULL 

*** STRUCTURE DI 



Connecting via Winsock to STN 

Welcome to STN International! Enter x:x 

LOGINID : SSSPTA1652MXR 

PASSWORD: 

TERMINAL (ENTER 1, 2, 3, OR ?):2 





it * 


it ie 


* * 


NEWS 


1 






NEWS 


2 






NEWS 


3 


Jun 




NEWS 


4 


Aug 


A O 


NEWS 


5 


Aug 


1 o 


NEWS 


6 


Aug 


I O 


NEWS 


7 


Sep 


n *5 
\J6 


NEWS 


8 


Sep 




NEWS 




Sep 


lb 


NEWS 


10 


oct 


U 1 


NEWS 


11 


Oct 


24 


NEWS 


12 


Oct 


24 


NEWS 


1 J 


Nov 


"1 Q 

lo 


. NEWS 


14 


Nov 


ZD 


NEWS 


15 


Dec 


04 


NEWS 


16 


Dec 


17 


NEWS 


17 


Dec 


17 


NEWS 


18 


Dec 


17 


NEWS 


19 


Jan 


z y 


NEWS 


20 


Feb 


13 


NEWS 


2 1 


t eo 


O A 

Zt 


NEWS 


22 


Feb 


O A 

Z 4 


NEWS 


23 


Feb 


24 


NEWS 


24 


Feb 


26 


NEWS 


25 


Feb 


26 


NEWS 


26 


Mar 


04 


NEWS 


27 


Mar 


20 


NEWS 


28 


Mar 


24 


NEWS 


29 


Mar 


24 


NEWS 


30 


Apr 


11 


NEWS 


31 


Apr 


14 


NEWS 


32 


Apr 


17 


NEWS 


33 


Jun 


13 


NEWS 


34 


Apr 


21 


NEWS 


35 


Apr 


28 


NEWS 


36 


May- 


05 


NEWS 


37 


May 


15 


NEWS 


38 


May 


15 


NEWS 


39 


May 


16 


NEWS 


40 


May 


19 


NEWS 


41 


May 


19 


NEWS 


42 


Jun 


06 



* Welcome to STN International ********** 

Web Page URLs for STN Seminar Schedule - N. America 

"Ask CAS" for self-help around the clock 

New e-mail delivery for search results now available 

PHARMAMarket Letter (PHARMAML) - new on STN 

Aquatic Toxicity Information Retrieval (AQUIRE) 

now available on STN 

Sequence searching in REGISTRY enhanced 
JAPIO has been reloaded and enhanced 
Experimental properties added to the REGISTRY file 
CA Section Thesaurus available in CAPLUS and CA 
CASREACT Enriched with Reactions from 1907 to 1985 
BEILSTEIN adds new search fields 

Nutraceuticals International (NUTRACEUT) now available on STN 

DKILIT has been renamed APOLLIT 

More calculated properties added to REGISTRY 

CSA files on STN 

PCTFULL now covers WP/PCT Applications from 1978 to date 
T0XCENTER enhanced with additional content 
Adis Clinical Trials Insight now available on STN 
Simultaneous left and right truncation added to COMPENDEX, 
ENERGY, INS PEC 

CANCERLIT is no longer being updated 
METADEX enhancements 
PCTGEN now available on STN 
TEMA now available on STN 

NTIS now allows simultaneous left and right truncation 
PCTFULL now contains images 

SDI PACKAGE for monthly delivery of multifile SDI results 
EVENTLINE will be removed from STN 
PATDPAFULL now available on STN 

Additional information for trade-named substances without 
structures available in REGISTRY 
Display formats in DGENE enhanced 
MEDLINE Reload 

Polymer searching in REGISTRY enhanced 

Indexing from 1947 to 1956 added to records in CA/CAPLUS 

New current -awareness alert (SDI) frequency in 

WPIDS/WPINDEX/WPIX 

RDISCLOSURE now available on STN 

Pharmacokinetic information and systematic chemical names 
added to PHAR 

MEDLINE file segment of TOXCENTER reloaded 

Supporter information for ENCOMPPAT and ENCOMPLIT updated 

CHEMREACT will be removed from STN 

Simultaneous left and right truncation added to WSCA 

RAPRA enhanced with new search field, simultaneous left and 

right truncation 

Simultaneous left and right truncation added to CBNB 




NEWS 43 Jun 06 PASCAL enhanced with additional data 

NEWS 44 Jun 20 2003 edition of the FSTA Thesaurus is now available 

NEWS 4 5 Jun 2 5 HSDB has been reloaded 



NEWS EXPRESS April 4 CURRENT WINDOWS VERSION IS V6.01a, CURRENT 
MACINTOSH VERSION IS V6.0b(ENG) AND V6.0Jb(JP), 
AND CURRENT DISCOVER FILE IS DATED 01 APRIL 2 003 

NEWS HOURS STN Operating Hours Plus Help -Desk Availability 

NEWS INTER General Internet Information 

NEWS LOGIN Welcome Banner and News Items 

NEWS PHONE Direct Dial and Telecommunication Network Access to STN 
NEWS WWW CAS World Wide Web Site (general information) 

Enter NEWS followed by the item number or name to see news on that 
specific topic. 

All use of STN is subject to the provisions of the STN Customer 
agreement. Please note that this agreement limits use to scientific 
research. Use for software development or design or implementation 
of commercial gateways or other similar uses is prohibited and may 
result in loss of user privileges and other penalties. 

************* STN Columbus ************** 



FILE 'HOME' ENTERED AT 13:31:00 ON 26 JUN 2003 



-> file reg 

COST IN U.S. DOLLARS SINCE FILE 

ENTRY 

FULL ESTIMATED COST 0.21 

FILE 1 REGISTRY ' ENTERED AT 13:31:07 ON 26 JUN 2003 
USE IS SUBJECT TO THE TERMS OF YOUR STN CUSTOMER AGREEMENT. 
PLEASE SEE "HELP USAGETERMS" FOR DETAILS. 
COPYRIGHT (C) 2003 American Chemical Society (ACS) 

Property values tagged with IC are from the ZIC/VINITI data file 
provided by InfoChem. 

STRUCTURE FILE UPDATES: 25 JUN 2003 HIGHEST RN 537653-06-8 
DICTIONARY FILE UPDATES: 25 JUN 2003 HIGHEST RN 537653-06-8 

TSCA INFORMATION NOW CURRENT THROUGH JANUARY 6, 2 003 

Please note that search-term pricing does apply when 
conducting SmartSELECT searches. 

Crossover limits have been increased. See HELP CROSSOVER for details. 

Experimental and calculated property data are now available. See HELP 
PROPERTIES for more information. See STNote 27, Searching Properties 
in the CAS Registry File, for complete details: 
http : //www. cas . org/ONLINE/STN/STNOTES/stnotes27 .pdf 

=> e N-acetylmannosamine kinase/CN 



El 1 N-ACETYLMANNOSAMINE 6-P EPIMERASE (STREPTOCOCCUS SUIS STRAIN 

DAT 2 GENE NANE) /CN 

E2 1 N-ACETYLMANNOSAMINE 6- PHOSPHATE /CN 

E3 1 --> N-ACETYLMANNOSAMINE KINASE/CN 

E4 1 N-ACETYLMANNOSAMINE KINASE (ESCHERICHIA COLI STRAIN 0157 :H7 

GENE ECS4095)/CN 

E5 1 N-ACETYLMANNOSAMINE KINASE (FUSOBACTERIUM NUCLEATUM NUCLEATU 

M STRAIN ATCC25586 GENE FN1474)/CN 

E6 1 N-ACETYLMANNOSAMINE SYNTHETASE (CAMPYLOBACTER JEJUNI STRAIN 



TOTAL 
SESSION 
0.21 



MSC-57360 GENE NEUCD/CN 
E7 i N-ACETYLMANNOSAMINE TETRAACETATE /CN 

E8 x N-ACETYLMANNOSAMINE TO A - ACET YLGLUCOS AM INE EPIMERASE (ESCHER 

ICHIA COLI STRAIN 0157 :H7 GENE ECS4096)/CN 
E9 i N-ACETYLMANNOSAMINE- 2 -EPIMERASE/CN 

E10 i N-ACETYLMANNOSAMINE- 6 -P (STREPTOCOCCUS PYOGENES STRAIN MGAS3 

15 GENE SPYM3 -0179) / CN 
E11 i N-ACETYLMANNOSAMINE- 6 - P (STREPTOCOCCUS PYROGENES STRAIN MGAS 

8232 GENE SPYM18 - 0233 ) /CN 
E12 1 N-ACETYLMANNOSAMINE- 6 -P EPIMERASE (MYCOPLASMA PULMONIS STRAI 

N UAB CTIP GENE MYPU-3630) /CN 

=> s E3;D 

LI 1 "N-ACETYLMANNOSAMINE KINASE "/CN 



LI ANSWER 1 OF 1 REGISTRY COPYRIGHT 2 003 ACS 

RN 9027-53-6 REGISTRY 

CN Kinase (phosphorylating) , acylmannosamine (9CI) (CA INDEX NAME) 
OTHER NAMES: 

CN Ac e t y 1 ami node oxymanno kinase 

CN Acetylmannosamine kinase 

CN Acylaminodeoxymannokinase • 

CN Acylmannosamine kinase 

CN E.C. 2.7.1.60 

CN N-Acetylmannosamine 6 -kinase 

CN N- Acetylmannosamine kinase 

CN N-Acyl-D-mannosamine kinase 

DR 9027-62-7 

MF Unspecified 

CI MAN 

LC STN Files: BIOSIS, CA, CAPLUS , TOXCENTER 

*** STRUCTURE DIAGRAM IS NOT AVAILABLE *** 

3 8 REFERENCES IN FILE CA (1957 TO DATE) . 

38 REFERENCES IN FILE CAPLUS (1957 TO DATE) 



-> e 


sialic acid 


phosphate synthase/CN 


El 


1 


SIALIC ACID LYASE/ CN 


E2 


1 


SIALIC ACID PERMEASE (ESCHERICHIA COLI CLONE PSX600 GENE NAN 






T) /CN 


E3 


0 


-> SIALIC ACID PHOSPHATE SYNTHASE/CN 


E4 


1 


SIALIC ACID PHOSPHATE SYNTHASE (DROSOPHILA MELANOGASTER STRA 






IN OREGON-R) /CN 


E5 


1 


SIALIC ACID SYNTHASE/CN 


E6 


1 


SIALIC ACID SYNTHASE (CAMPYLOBACTER JEJUNI STRAIN MSC-57360 






GENE NEUB1) /CN 


E7 


1 


SIALIC ACID SYNTHASE (CAMPYLOBACTER JEJUNI STRAIN OH4384)/CN 


E8 


1 


SIALIC ACID SYNTHASE (CHLOROBIUM TEPIDUM STRAIN TLS GENE CT0 






825) /CN 


E9 


1 


SIALIC ACID SYNTHASE (CLOSTRIDIUM ACETOBUT YL I CUM STRAIN ATCC 






824 GENE CAC2187)/CN 


ElO 


1 


SIALIC ACID SYNTHASE (DROSOPHILA MELANOGASTER STRAIN OREGON- 






R) /CN 


Ell 


1 


SIALIC ACID SYNTHASE (HELICOBACTER PYLORI STRAIN J99 GENE NE 






UB) /CN 


E12 


1 


SIALIC ACID SYNTHASE (HELICOBACTER PYLORI STRAIN NQ1624 GENE 



NEUB) /CN 



=> s E4;D 
L2 



1 ".SIALIC ACID PHOSPHATE SYNTHASE (DROSOPHILA MELANOGASTER STRAIN 
OREGON-R) "/CN 



L2 ANSWER 1 OF 1 REGISTRY COPYRIGHT 2 003 ACS 
RN 433280-04-7 REGISTRY 

CN Synthase, N-acylneuraminate 9-phosphate (Drosophila melanogaster strain 

Oregon- R) (9CI) (CA INDEX NAME) 
OTHER NAMES: 

CN GenBank AF397531-derived protein GI 15213695 

CN NeuSAc synthase (Drosophila melanogaster strain Oregon-R) 

CN sialic acid phosphate synthase (Drosophila melanogaster strain 

Oregon-R) , . 

CN sialic acid synthase (Drosophila melanogaster strain Oregon-R) 

FS PROTEIN SEQUENCE 
MF Unspecified 
CI MAN 
SR CA 

LC STN Files: CA, CAPLUS 

** RELATED SEQUENCES AVAILABLE WITH SEQLINK** 
*** STRUCTURE DIAGRAM IS NOT AVAILABLE *** 

*** USE ' SQD ' OR ' SQIDE ' FORMATS TO DISPLAY SEQUENCE *** 
1 REFERENCES IN FILE CA (1957 TO DATE) 
1 REFERENCES IN FILE CAPLUS (1957 TO DATE) 



=> s E5;D 

L3 l "SIALIC ACID SYNTHASE " / CN 



L3 ANSWER 1 OF 1 REGISTRY COPYRIGHT 2003 ACS 

RN 37290-66-7 REGISTRY 

CN Synthase, N-acetylneuraminate (9CI) (CA INDEX NAME) 

OTHER NAMES: 

CN E.C. 4.1.3.19 

CN N-Acetylneuraminate synthase 

CN N-Acetylneuraminate-condensing enzyme 

CN Sialate synthase 

CN Sialic acid synthase 

MF Unspecified 

CI MAN 

LC STN Files: BIOSIS, BIOTECHNO, CA, CAPLUS , CASREACT, EMBASE, TOXCENTER, 
USPATFULL 



*** STRUCTURE DIAGRAM IS NOT AVAILABLE *** 

3 8 REFERENCES IN FILE CA (1957 TO DATE) 

38 REFERENCES IN FILE CAPLUS (1957 TO DATE) 



Entrez-PubMed 



wysi\vyg://672/http://ww.ncbi.nlmnih.g...PubMed&list_uids=107498 




PubUiJed 



National I 
library 
of Medicine I 



PubMed Nucleotide Protein Genome 


Structure 


PMC 


Taxonomy 


OMII\ 


/I Books 


Search PubMed 


Flfor 








IF 


Clear 




Limits Preview/Index 


History 


Clipboard 


Details 







o 



I Display " " Abstract 



[▼] Show: 20 p| Sort jjjr] | Send to Text [▼] 



Entrez 
PubMed 



□ 1: J Biol Chem. 2000 Jun 9;275(23): 17869-77. 



Related Articles, Links 



PubMed 
Services 



Related 
Resources 



FREE full text article at 
WWW.jbc.Or0 



Cloning and expression of the human N-acetylneuraminic acid . 
phosphate synthase gene with 2-keto-3-deoxy-D-glycero- 
D-galacto-nononic acid biosynthetic ability. 

Lawrence SM, Huddleston KA, Pitts LR, Nguyen N, Lee YC, Vann WF, 
Coleman TA, Betenbaugh MJ. 

Departments of Chemical Engineering and Biology, The Johns Hopkins 
University, Baltimore, Maryland 21218, USA. 

Sialic acids participate in many important biological recognition events, yet 
eukaryotic sialic acid biosynthetic genes are not well characterized. In this study, 
we have identified a novel human gene based on homology to the Escherichia coli 
sialic acid synthase gene (neuB). The human gene is ubiquitously expressed and 
encodes a 40-kDa enzyme. The gene partially restores sialic acid synthase activity 
in a neuB-negative mutant of E. coli and results in N-acetylneuraminic acid 
(NeuSAc) and 2-keto-3-deoxy-D-glycero-D-galacto-nononic acid (KDN) 
production in insect cells upon recombinant baculovirus infection. In vitro the 
human enzyme uses N-acetylmannosamine 6-phosphate and mannose 6-phosphate 
as substrates to generate phosphorylated forms of NeuSAc and KDN, respectively, 
but exhibits much higher activity toward the NeuSAc phosphate product. 

PMDD: 10749855 [PubMed - indexed for MEDLINE] 
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PubMed 



Nucleotide 



Search Nucieotide 
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Qfor 



Limits 
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Display default [▼] Show: 20 



Send to 



File 



Get Subsequence 



II: AF397531. Drosophilamelano...[gi: 152 13694] 



Links 



LOCUS AF397531 1194 bp mRNA linear INV 20-MAR-2002 

DEFINITION Drosophila me lanog aster NeuSAc synthase mRNA, complete cds . 
ACCESSION AF3 97531 

VERSION AF397531.1 GI : 15213694 

KEYWORDS 

SOURCE Drosophila melanogaster (fruit fly) 

ORGANISM Drosophila melanogaster 

Eukaryota; Metazoa; Arthropoda; Hexapoda; Insecta; Pterygota; 
Neoptera; Endopterygota; Diptera; Brachycera; Muscomorpha; 
Ephydroidea; .Drosophilidae / Drosophila. 
REFERENCE 1 (bases 1 to 1194) 

AUTHORS Kim,K., Lawrence, S . M . , Park, J., Pitts, L., Vann,W.F., 

Betenbaugh, M . J . and Palter, K.B. 
TITLE Expression of a functional Drosophila melanogaster 

N-acetylneuraminic acid (NeuSAc) phosphate synthase gene: evidence 
for endogenous sialic acid biosynthetic ability in insects 
JOURNAL Glycobiology 12 (2), 73-83 (2002) 
MEDLINE 21883822 
PUBMED 11886840 
REFERENCE 2 (bases 1 to 1194) 

AUTHORS Kim,K., Lawrence , S . M . , Park, J., Pitts, L. , Vann,W.F., 

Betenbaugh, M.J. and Palter, K.B. 
TITLE Direct Submission 

JOURNAL Submitted (09- JUL-2001) Department of Biology, Temple University, 
1900 N. 12th St., Philadelphia, PA 19122, USA 
FEATURES Location/Qualifiers 
source 1 . . 1194 

/organism="Drosophila melanogaster" 
/ mol_type = " mRNA " 
/strain= "Oregon R" 
/db_xref ="taxon: 7227" 
/ c hr omo s ome = 11 3 " 
/map="3R; 87B15" 
/dev_stage="0-16 hour embryo" 
CDS 35. .1153 

/note= n SAS" 

/codon_start=l 

/product = "NeuSAc synthase" 

/protein_id= " AAK92125.1 " 

/db_xref="GI: 15213695" 

/ translation " MLLND 1 1 SGKLVDS VYI IAE IGQNHQGCVETAKKMIWEAKKAGC 
HCVKFQKSDLPAKFTRSALDREYISDHAWGKTYGEHKEYLEFSKDQYLQLQAHCKELN 
VDFTAS AMDERS LEFLS ALNVPF I KIGSGDANNFPLLKKAANLNLPLVI STGMQTMQT 
VERIVQTMRESGKEDYALMHCVSSYPTDPKDCSLQLISVLRTRFPNVAIGYSGHELGV 
IISQAAVLLGARIVERHFTLDKSQKGSDHRCSLEPQELKALTTAITNFKLSSVPMPPQ 
. EIVKKLNGDEELEAALQHVESKTILPCELPCRNKLGKSIVAARNLNKGYRLQLADMAI 
KVSEPSGLTAEDFLDLVGKELADNIGEDEPILGNS I IN " 

BASE COUNT 353 a 259 c 294 g 288 t 

ORIGIN 

1 aactgttaaa taggcgggtt tcaatttaat caaaatgctg ttaaacgata tcataagcgg 
61 aaaattagtt gattccgtct atattatagc ggaaattggc caaaatcacc aaggttgtgt 
121 ggaaacagcg aagaaaatga tatgggaggc caaaaaagcc ggttgccact gcgtcaagtt 



NCB1 Sequence Viewer 
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181 
241 
301 
361 
421 
481 
541 
601 
661 
721 
781 
841 
901 
961 
1021 
1081 
1141 



tcaaaaatcg 
tgatcacgcc 
tcagtatctc 
catggatgag 
ttccggagac 
ggtgatctcc 
ggagtcagga 
aaaagattgc 
tgggtactcg 
acgcatagtg 
ctccctagag 
ttcagttccc 
ggcagctctt 
taaactgggc 
ggcagatatg 
cttggtaggc 
tataatcaat 



// 



gatttgccag 
tggggaaaaa 
cagctgcagg 
agatcgttgg 
gcaaacaact 
accggaatgc 
aaagaggact 
agcttgcagt 
ggtcatgagc 
gagcgccact 
ccgcaagaat 
atgcctccac 
cagcacgttg 
aaatctattg 
gccattaaag 
aaggaattgg 
tgaatcatgg 



caaagtttac 
cgtacgggga 
cccactgcaa 
agttcctttc 
ttccgcttct 
agactatgca 
acgctctaat 
tgatatccgt 
tgggagtgat 
ttacgctgga 
taaaagctct 
aagaaatagt 
agtctaaaac 
tggcagctag 
tcagtgaacc 
cagacaatat 
gttgggaatt 



gagatccgct 

gcacaaggag 

ggagttaaat 

tgctctaaat 

caaaaaggcc - 

aactgtggag 

gcactgcgtt 

cttaaggaca 

cattagccag 

caagagtcag 

gactacagcc 

taaaaagtta 

cattttgccg 

gaatctcaat 

cagcggcctg 

tggtgaggat 

taaatacact 



ctagatcgcg 
tacctggagt 
gtggacttta 
gttcccttca 
gccaatttga 
aggattgtgc 
tcatcgtacc 
cgctttccca 
gccgccgtct 
aagggctccg 
atcaccaact 
aatggagatg 
tgcgagctgc 
aagggttaca 
acagcggagg 
gaacccatac 
tgtaaatgaa 



aatatatcag 
tctccaaaga 
cggcttccgc 
tcaaaattgg 
acttgcccct 
aaactatgcg 
caactgaccc 
atgtggcaat 
tgctgggagc 
atcatcgctg 
tcaaactctc 
aggaactaga 
cctgccgaaa 
ggttgcaatt 
atttcttgga 
ttgggaatag 
tagc 
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A bifunctional enzyme catalyzes the first two steps in 
N-acetylneuraminic acid biosynthesis of rat liven Molecular 
cloning and functional expression of UDP-N-acetyl-glucosamine 
2-epimerase/N-acetylmannosamine kinase. 

Stasche R, Hinderlich S, Weise C, Effertz K, Lucka L, Moormann P, Reutter 
W. 

Institut fur Molekularbiologie und Biochemie, Freie Universitat Berlin, 
Arnimallee 22, D-14195 Berlin-Dahlem, Germany. 

N-Acetylneuraminic acid (Neu5 Ac) is the precursor of sialic acids, a group of 
important molecules in biological recognition systems. Biosynthesis of NeuSAc is 
initiated and regulated by its key enzyme, UDP-N-acetylglucosamine 2-epimerase 
(UDP-GlcNAc 2-epimerase, EC 5 . 1 . 3 . 1 4)/N-acetylmannosamine kinase 
(ManNAc kinase, EC 2.7.1.60) in rat liver (Hinderlich, S., Stasche, R., Zeitler, R., 
and Reutter, W. (1997) J. Biol. Chem. 272, 24313-24318). In the present paper we 
report the isolation and characterization of a cDNA clone encoding this 
bifunctional enzyme. An open reading frame of 2166 base pairs encodes 722 
amino acids with a predicted molecular mass of 79 kDa. The deduced amino acid 
sequence contains exact matches of the sequences of five peptides derived from 
tryptic cleavage of the enzyme. The recombinant bifunctional enzyme was 
expressed in COS7 cells, where it displayed both epimerase and kinase activity. 
Distribution of UDP-GlcNAc 2-epimerase/ManNAc kinase in the cytosol of 
several rat tissues was investigated by determining both specific enzyme 
activities. Secreting organs (liver, salivary glands, and intestinal mucosa) showed 
high specific activities of UDP-GlcNAc 2-epimerase/ManNAc kinase, whereas 
significant levels of these activities were absent from other organs (lung, kidney, 
spleen, brain, heart, skeletal muscle, and testis). Northern blot analysis revealed 
no UDP-GlcNAc 2-epimerase/ManNAc kinase mRNA in the non-secreting 
tissues. 
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AB The addn. of sialic acid residues to glycoproteins can affect important 
protein properties including biol . activity and in vivo circulatory 
half -life. For sialylation to occur, the donor sugar nucleotide cytidine 
monophospho-sialic acid (CMP-SA) must be generated and enzymically 
transferred to an acceptor oligosaccharide. However, examn. of 
insect cells grown in serum- free medium revealed 

negligible native levels of the most common sialic acid nucleotide, 
CMP-N-acetylneuraminic acid 

(CMP-Neu5Ac) . To increase substrate levels, the enzymes of the metabolic 
pathway for CMP-SA synthesis have been engineered into 
insect cells using the baculovirus expression system. 

In this study, a human CMP-sialic acid synthase cDNA was identified and 
found to encode a protein with 94% identity to the murine homolog. The 
human CMP-sialic acid synthase (Cmp-Sas) is ubiquitously expressed in 
human cells from multiple tissues. When expressed in insect cells using 
the baculovirus vector, the encoded protein is functional and localizes 



to 



of 



the nucleus as in mammalian cells. In addn., co-expression of Cmp-Sas 
with the recently cloned sialic acid phosphate synthase with 
N-acetylmannosamine feeding yields intracellular CMP-Neu5Ac levels 30 
times higher than those obsd. in unsupplemented CHO cells. The absence 



any one of these three components abolishes CMP-Neu5Ac prodn. in vivo. 
However, when N-acetylmannosamine feeding is omitted, the sugar 
nucleotide 

form of deaminated NeuSAc, CMP-2-keto- 
3 -deoxy-D-glycero-D- 
galacto-nononic acid (CMP- 

KDN) , is produced instead, indicating that alternative sialic acid 
glycoforms may eventually be possible in insect cells. 

The human CMP-SAS enzyme is also capable of CMP-N-glycolylneuraminic acid 
(CMP-Neu5Gc) synthesis when provided with the proper substrate. 
Engineering the CMP-SA metabolic pathway may be beneficial in various 

cell 

lines in which CMP-Neu5Ac prodn. limits sialylation of glycoproteins or 
other glycans . 
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chromatography: Sugar nucleotide contents in cultured 
insect cells and mammalian cells. 
Tomiya, Noboru; Ailor, Eric; Lawrence, Shawn M.; 
Betenbaugh, Michael J.; Lee, Yuan C. (1) 
(1) Department of Biology, Johns Hopkins University, 
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Analytical Biochemistry, {June 1, 2001) Vol. 293, No. 1, 
pp. 129-137. print. 
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Article 
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We have developed a simple and highly sensitive HPLC method for 
determination of cellular levels of sugar nucleotides and related 
nucleotides in cultured cells. Separation of 9 sugar nucleotides 
(CMP-Neu5Ac, CMP-Neu5Gc, CMP-KDN, UDP-Gal, UDP-Glc, 

UDP-GalNAc, UDP-GlcNAc, GDP-Fuc, GDP-Man) and 12 nucleotides (AMP, ADP, 
ATP, CMP, CDP, CTP, GMP, GDP, GTP, UMP, UDP, and UTP) was examined by 
reversed-phase HPLC and high-performance anion -exchange chromatography 
(HPAEC) . Although the reversed-phase HPLC, using an ion-pairing reagent, 
gave a good separation of the 12 nucleotides, it did not separate 
sufficiently the sugar nucleotides for quantification. On the other hand, 
the HPAEC method gave an excellent and reproducible separation of all 
nucleotides and sugar nucleotides with high sensitivity and 
reproducibility. We applied the HPAEC method to determine the 
intracellular sugar nucleotide levels of cultured Spodoptera 
frugiperda (Sf9) and Trichoplusia ni (High Five, BTN-TN-5B1-4) 
insect cells, and compared them with those in Chinese 
hamster ovary (CHO-K1) cells. Sf9 and High Five cells showed 
concentrations of UDP-GlcNAc, UDP-Gal, UDP-Glc, GDP-Fuc, and GDP-Man 

to or higher than those in CHO cells. CMP-Neu5Ac was detected in CHO 
cells, but it was not detected in Sf9 and High Five cells. In conclusion, 
the newly developed HPAEC method could provide valuable information 
necessary for generating sialylated complex-type N-glycans in insect or 
other cells, either native or genetically manipulated. 
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Human interleukin 2 (IL-2) and human IL-2 mutant proteins, with 
artificially introduced N-glycosylation or O-glycosylation sites, have 
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been expressed in a lepidopteran cell line (Sf21, Spodoptera 
frugiperda) using^kpombinant baculovirus vectors. M^y approximately 25% 
of the total recotlKiant IL-2 protein synthesized 3jRf21 cells was 
secreted into the culture medium. Significant N- terminal truncations were 
detected in the secreted polypeptides (up to 85% of the molecules) . 
Alanine and proline were absent in the major truncated forms; the first 
3-5 amino acids were also absent in a small proportion of the purified 
proteins. The introduction of potential artificial O-glycosylation 
peptide 

sequences ( . . GGKAPTPPPK. . ) , to the C-terminus or between positions 80 and 
81 of the IL-2 polypeptide chain, resulted in the secretion of 
unglycosylated and O-glycosylated variant forms. Fast atom bombardment 
mass spectrometry, compositional analysis and methylation analysis, of 

the 

tryptic glycopeptide APTPPPK, revealed the presence of either GalNAc or 
the disaccharide Gal (beta-1-3 ) GalNAc as the only carbohydrate 
constituents 

attached exclusively to Thr in this peptide, in a specific ratio for each 
individual IL-2 mutant protein. The Gal (beta-1-3) GalNAc protein forms 
could be partially altered in vitro to mammalian- type glycoforms by 
porcine liver beta-galactoside alpha-2 , 3 -sialyltransf erase in the 
presence 

of CMP-N-acetylneuraminic acid. An 

IL-2 mutant form, with an 11-amino-acid peptide of human interf eron-beta 
at position 4, which includes its only N-glycosylation site, had 
exclusively truncated proximally fucosylated oligomannosidic glycans; 
Man-3GlcNAc (Fuc (alpha-1-6) ) GlcNAc or Man-2GlcNAc (Fuc (alpha- 1-6) ) GlcNAc 
structures, in a ratio of 3:1, were detected in the secreted proteins. No 
evidence was obtained for the presence of secreted proteins with complex 
oligosaccharide chains, irrespective of the cell-culture conditions used 
or the harvesting time, for infected cells with recombinant baculovirus 
constructs . 



